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16 SURVEILLANCE

Following are definitions of the terms used in the
surveillance architecture:

Independent Surveillance: The use of primary *
radar to independently detect and determine the
range and azimuth (2-dimensional position) of
aircraft by means of reflected radar energy. Air-
port surface detection equipment (ASDE) primary
radars are used to determine the position of air-
craft and vehicles operating on airport taxiways
and runways. Primary radar surveillancende-
pendentbecause aircraft or ground vehicles need
not be equipped with any enabling avionics to be

(and other data) via ADS-A or ADS-B com-
munications equipment.

Automatic Dependent Surveillance
Addressable (ADS-A)A different form of
ADS, designed to support oceanic aeronauti-
cal operations, based on one-to-one commu-
nications between aircraft providing ADS in-
formation and a ground facility requiring re-
ceipt of ADS reports. The term “ADS-A,” as
used here is equivalent to “ADS” as discussed
in International Civil Aviation Organization
(ICAO) documentation.

detected. .
Overview

Cooperative Surveillance:The use of_secondary-_rhe concept of operations (CONOPS) calls for
surveillance radar (SSR) to determine the posiyrveillance of all controlled aircraft in the do-
tion, assigned beacon code (4,096 codes are Chestic airspace, using ADS and radar systems.
rently available), and in most cases, the barometps will be based on aircraft latitude/longitude
ric altitude of an airborne aircraft by interrogatiorhgsition and velocity reports from the aircraft's
of a transponder onboard the aircraft. Because t Bvigation system, barometric altitude, as well as
aircraft must be equipped with a transponder, Sfort-term intent information (next way points).
technology is deemed to provideoperativesur- The CONOPS emphasizes the importance of
veillance. Mode-3/A transponders reply with onlyADS for both air-air and ground-based surveil-
the assigned code. Mode-3/C transponders (thghce and extending instrument flight rules (IFR)
most common type) reply with both assigne@eparation services to nonradar areas of domestig

code and altitude. Mode-Select (Mode-S) trargirspace. The future cockpit applications for
sponders reply with assigned code and barometi$s-B include:

altitude to all SSR interrogators and also include a
discrete, permanently assigned address when fe-
plying to Mode-S interrogators. The Mode-S syss Separation assurance
tem also permits additional data to be exchanged
between aircraft and Mode-S radars.

PART Il

Pilot situational awareness

Limited shared responsibility for separation

» Safer airport surface operations in reduced

Automatic Dependent Surveillance: visibility conditions.

* Automatic Dependent Surveillance BroadThe surveillance architecture will support Free
cast (ADS-B).The function on an aircraft or Flight, provide increased surveillance coverage,
surface vehicle that broadcasts position, altimprove safety, and increase airspace capacity.
tude, vector, and other information for use by hanges in surveillance are designed to open air-
other aircraft, vehicles, and ground facilities. space, allow for more direct routings, and in-

. Automatic Dependent Surveillance (ADS)(_:rease NAS flexibility to meet growing demand.

The use of ADS-B information by ground fa-The current domestic surveillance system consists
cilities to perform surveillance of airborneof primary and SSRs that are used to detect air-
aircraft and aircraft or vehicles operating orraft and determine their position and identity. Air
the airport surface. This technology idraffic control (ATC) automation systems process
deemed to providdependensurveillance be- the radar data for display to air traffic controllers.
cause it relies totally on each aircraft to detelControllers use these data to separate aircraft fly-
mine its position (by means of the onboaréhg under IFR from other aircraft, obstacles, ter-
navigation system) and report that positiomain, and special use airspace and to provide
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weather advisory services. Weather detectiaduced. These surveillance improvements are ex-
functions provided by today’s radar surveillanc@ected to help expedite traffic flow in the NAS.
systems are discussed in Section 26, Aviati

Weather. %fhe CONOPS calls for implementing surveil-

lance capability in oceanic airspace. In today’s
The NAS surveillance architecture will use pri°C€anic airspace environment, “procedural” sepa-
mary radars with digital technology for terminaf@tion between aircraft is managed by means of
airspace, but primary radars will be phased out §f9h frequency radio position reports provided
en route airspace. SSRs with selective interrogg€™Pally by pilots to controllers, indirectly
tion (SI) capability will be used in both en routdnrough a third-party commercial communica-
and terminal airspace. The S| capability allowlOnS provider. No means of direct oceanic sur-
the ATC automation, when modified, to utilize the/€illance is currently available. Consequently, the
unique Mode-S transponder identification codéfduired lateral/longitudinal separation between
permanently assigned to an aircraft. eliminatedircraft in oceanic airspace is very conservative
false data from the controller’s display; and sugPetween 60 and 80 nmi), and the capability to ap-
ports use of Mode-S data link to provide traffid®’oVe route and altitude changes is constrained.
information service (TIS) to the cockpit. ATC surveillance in oceanic airspace will be
: . based on ADS-A reports to oceanic controllers
The Mode-S data link will also enable use of a U5 sateliite communications (SATCOM), high
ture Ground-Initiated Communications Broadfrequency data link (HFDL), or other subnet-
cast (GICB) message. The accuracy of the pOgfioris The reports, which are derived from Fu-
tion and intent information received from the al'tyre Air Navigation System (FANS-1A) or aero-

craft via the GICB message is expected 10 signifly,,tical telecommunications network (ATN) avi-
cantly improve target tracking and theyyics include barometric altitude, latitude/longi-
performance of controller tools such as confli

de position, velocity, and short-term intent

alert, conflict probe, and the Final Approachytrmation (next way points). Ground equipment
Spacing Tool (FAST). The GICB will capture the

. , ) o ) and automation will display the aircraft position
aircraft's ADS-B information in concert with the o, track to oceanic controllers, enabling current
beacon interrogation. This allows independenkie |/iongitudinal separation standards to be re-

verification of position, supports separation begceq.
tween ADS-B aircraft and those not equipped (es-

pecially important during transition), and allowsl6.1 Surveillance Architecture Evolution

the FAA to use the SSR network as part of 5 ensure high availability of services in domestic

larger network of ground listening stations. airspace, the surveillance architecture provides at

If enough users equip with ADS-B avionics,leaSt two complementary means of surveillance.
For example, if the aircraft navigational system

ADS-B Hor air-air surveillance will be imple- a[lgsociated with ADS-B malfunctions, beacon in-

mented in domestic and oceanic airspace. P|Iot . . : . .
L : grrogatlon will continue to provide cooperative
are expected to use ADS-B air-air surveillance fo g . i .
urveillance as a basis for separation. In oceanic

situational awareness. In oceanic airspace, AD space. surveillance will be provided by ADS-A
B may be approved as a means for pilots to coffy >Pace, P y

duct in-trail climbs, descents, and passing maneﬁgmmumcated via SATCOM, HFDL, or other
vers subnetworks.

éurveillance System Domains

If enough users equip, compatible ADS groun . .
systems, which leverage off of the avionics equ urveillance systems support four N_AS domains:
(91) en route, (2) oceanic, (3) terminal, and (4)

page, will be implemented in domestic airspac

(see Figure 16-1). Due to the characteristics &pWer/surface.

ADS-B (frequent broadcast of position), ADS-B-En Route Domain.A new SSR air traffic control
based surveillance is expected to be the most deacon interrogator (ATCBI-6) with Sl and the
curate form of surveillance, potentially allowingGICB feature will be installed at all ATCBI-4 and
minimum aircraft separation standards to be ré&TCBI-5 en route radar sites.
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NATIONAL AIRSPACE SYSTEM

The ATCBI-6 will work with Mode-3/A and 3/C The airport surface ADS system will also feature

transponders, enabling the ATC system to remammulti-lateration capability that uses aircraft tran-

compatible with all users as they transition teponder replies, triggered by the terminal SSR or
ADS-B avionics. The Mode-S SSR will remain inlocal interrogators, to determine the identification

service at 25 sites. They will be configured to proand the position of non-ADS-B aircraft on the air-

vide TIS, a Mode-S data link service that providegort surface. Adding multi-lateration provides an

automatic traffic advisories to properly equippedlternate means of surveillance in absence of
aircraft. ASDE.

The Sl capability of the Mode-S and ATCBI-6 ra-1 5 1 1 Surveillance Architecture Evolution—

dars will enable the air route traffic control CeNgiep 1 (1998)

ters (ARTCCSs) to use Global Positioning System ] ] ]

(GPS) data for surveillance via GICB. ADS capaEn Route Domain. Various models of air route
bility will also be installed. The continued use ofurveillance radar (ARSR-1, -2, -3, and -4) and
SSRs will enable the ATC system to maintain fuﬁseygral m|I_|tary fixed position surveillance (FP_S)
service in domestic en route airspace whenev@Rilitary primary radar) types are used to provide
there is any difficulty with the ADS system. ConPrimary radar surveillance for the ARTCC. These
tinued use of SSRs also permits an extended trd@dars are positioned to support major airways
sition period for general aviation (GA) in low-al-2nd provide surveillance coverage within a 200-
titude airspace. Primary en route radars will b&® 250-mile radius with 10- to 12-second update
phased out of interior areas, except for thodates. Except for the ARSR-4, many of these ra-

needed by the Department of Defense (DOD), &ars have been in serviqe fpr 30 years and are
other agencies. costly to operate and maintain. The ARSR-4 ra-

) ] ) dars in the continental United States and the FPS-
Oceanic Domain.ADS based on ADS-A will be 117 radars in Alaska are jointly used by the FAA

implemented in oceanic airspace. SATCOM igng the Air Force for ATC and air defense, re-
emerging as the primary communications link fogpectively.

ADS-A and other oceanic communications, with

HFDL likely to be used as an alternative source. TWo types of SSRs are used: the ATCBI-4 and -5
, _ . _ . and the Mode-S. Nearly all SSRs are co-located
Terminal Domain. A new digital, combined pri- \yith en route primary radars and operate at equiv-
mary/SSR  system (airport surveillance radafjont ranges and update rates. Twenty-two SSRs
(ASR)-11) will be deployed to complement th§,perate " as  stand-alone  radars  supporting

ASR-9/Mode-S system. The Mode-S will be CONARTCCs. The ATCBI-4s and -5s are reaching the
figured to provide TIS. All ASR-11 integratedgny of their service lives and will be replaced.
beacons will be upgraded to include Sl and GICB

capability. Terminal radar approach controPceanic Domain.In current operations, pilot po-
(TRACON) facilities will begin to use ADS for sition reports are made to a commercial service
surveillance. All three means of surveillance (privia high frequency (HF) voice communications.
mary radar, secondary radar, and ADS) will be ré-hey are then forwarded to FAA oceanic ATC
tained in the terminal domain. centers where the reported positions are displayed
Tower/Airport Surface Domain. ASDE-3 will Egr::t(l); tr%ﬁ% S?gﬁ;::E:e%OS'::'%?nreplggﬁgiﬁr

receive a service !'Te extension. A new .Surfacgquipped aircraft via satellite data link using con-
surv_e_zlllanqe capablllty with confll_c_t detec’glon Ca'troller-pilot data link communications (CPDLC)
pability W|Il_be installed at addl_tlonal alr_ports.messages to some oceanic sectors.

ADS capability for surface surveillance will also

be installed. The accuracy of Wide Area Augmeriferminal Domain. Three models of airport sur-
tation System (WAAS)- and Local Area Augmenveillance radar (ASR-7, -8, and -9) are positioned
tation System (LAAS)-derived ADS-B (with on airports to provide surveillance coverage (55-
LAAS taking precedence) is expected to enablhaile radius with a 5-second update rate) for TRA-
the ADS system to support substantial airport sucONs. The analog ASR-7 and -8 radars, which
face operations in reduced visibility conditionshave been in service since the 1970s, are incom-
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patible with the future digital terminal automationOceanic Domain.Oceanic sectors will continue
system, the Standard Terminal Automation Ree receive pilot position reports from FANS-1/A-
placement System (STARS). Two types of SSRejuipped aircraft via satellite data link using
are used in the terminal domains: the ATCBI -€PDLC messages, as well as from HF voice com-
and -5 and the Mode-S. They are all co-locatedunications.

with ASRs and operate at equivalent ranges a

update rates. l:]'%Irmlnal Domain. The ASR-9 radars will re-

ceive a service life extension. The ASR-7 and -8
Tower/Airport Surface Domain. ASDE radars, radars will be replaced by new digital ASR-11 ra-
used to provide primary radar surveillance of aidars delivered with a new monopulse SSR. Digi-
craft and vehicles on airport runways and taxtal radars are required for interoperability with
ways to air traffic control towers (ATCTSs), are be STARS.

ing installed at the 34 busiest U.S. airports. Th‘Fo take early advantage of the information avail-

Airport Movement Area Safety System : o :

S ’ able in ADS-B avionics, the architecture plans for
(AMASS), being installed at the same airports : : oo )
works in conjunction with the ASDE-3 to alerta” SSRs to be equipped with a selective interro

: . ) : ation capability. The Mode-S sensors currently
tower controllers of impending runway mcursmn%

d oth d trafi bl A el aired with ASR-7 and -8 radars will be “leap-
andother ground traffic problems. A paraiie runfrogged” to ASR-9 sites, so that all ASR-9s will

way (rjno?liﬁr SID.RM) ralc_iar h;ss,[b?_en. cor_nmlstbe paired with Sl-capable Mode-S SSRs. Mode-S
Sloned at the viinneapolis an - LOuIS alrpor(‘ginsors will receive a service life extension. All

toagﬁgl't%r?\:\giﬂ (22 ag)rg:ce)gcg tolé:slc;sil])ér?nge Rs will remain compatible with the older
p y P y "“Mode-A/C transponders, thus allowing time for

feet). aircraft to transition to ADS-B avionics.
16.1.2 Surveillance Architecture Evolution—  TIS, a Mode-S data link service that provides au-
Step 2 (1999-2002) tomatic traffic advisories to properly equipped

En Route Domain. The weather and radar pro-a'.rlczaﬂ’.l\llvgl bebllmtplementetd dgrlng t.h's p(cej_rlo?.
cessor (WARP) will enable weather data from thgI ots will be able to request and receive a dispiay

next-generation weather radar (NEXRAD) to b(—?]c _nearb)_/ traffic. The rela"flve r_ange,”bea“rlng, a”nd
gltltude (if known) and a “proximate” or “threat

displayed to en route controllers on the displa lassification of nearby aircraft will be displaved
system replacement (DSR). This capability will. " mcatl . y al ; Wi |p yed.
his service will help pilots “see and avoid” other

allow en route primary radars to be shut down..
Data from the ARSR-1, -2, -3, - 4, and FPS priarcraft

mary radars will not be used by FAA after WARPTower/Airport Surface Domain. Installation of
reaches full operating capability (FOC) (i.e., proASDE-3 radars to detect aircraft and vehicles on
vides NEXRAD data to DSR) in early 2000.runways and taxiways will be completed at 34 air-
However, the long-range primary radars that suports. AMASS, which uses data from the terminal
port Department of Defense (DOD) operationgutomation and ASDE-3 systems to alert tower
(i.e., FPS-117 and ARSR-3 and -4 radars) may reontrollers to potential traffic conflicts, will be in-
main in use as required by DOD or other agestalled at the same airports during this period. In-
cies. An ARTCC may receive data from suitablgtallation of a new surface surveillance conflict
located terminal radar equipment, as needed, f@etection system will begin at additional airports.
supplemental coverage and gap filling. This capability will further reduce the probability

. of traffic conflicts on airport surfaces and increase
The en route SSRs (ATCBI-4 and -5) will be re P

placed with a new ATCBI-6 with S| capability. the efficiency of aircraft operations. Installation

ARSR-1, -2, and -3 and FPS site equipment ar?(; PRMs at four additional airports is planned.

components, including the radar towers and peddditional Information. The user aviation com-
estals, rotary joints, and shelters will require modnunity is currently investigating ADS-B for air-
ification or replacement to allow compatibilityair surveillance. Several technologies—including
with an SSR-only configuration. 1090 MHz (Mode-S) squitter, self-organizing
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time division multiple access (STDMA) (alsomessage transfer protocol that was developed by
known as VHF digital link-Mode 4 or VDL-4), the European Civil Aviation States to standardize

and Universal Access Transceiver (UAT)—arelata communications between surveillance and
being tested. During this period Safe Flight 2automation systems. This upgrade will allow the

ADS concept demonstrations will be conducted taircraft navigational system and waypoint data re-
determine if and how ADS-B and ADS would op<eived in GICB replies to be processed. Mode-S
erationally benefit users and the FAA and whickensors will receive a service life extension.

technology is most suitable for this purpose. _ _
The ARTCC automation system will be upgraded

If enough users equip with ADS-B avionics, thgo yse GICB and ADS data for controller tools
FAA will develop and install a compatible ADSgnd displays (see Section 19, En Route). Installa-

ground system. In_domestic airspa_ce, ADS wikion of the ATCBI-6 SSRs will be completed.
depend upon the aircraft to automatically and fre-

quently broadcast its position and velocity usin@ceanic Domain. Installation of communica-
ADS-B avionics. tions, and automation equipment to support ADS-

Surveillance tracks derived from ADS-B data arét will begin. Current longitudinal separation

Y : oraf
expected to be more accurate than radar—derlvggtﬂgaggsregjévevde?r? sgmfzyeaiqbu;pl?seigg 23;8;
tracks, thus improving the performance of con

. and other controller tools.
troller decision support systems (DSSs) such as

conflict probe, trial flight planning (a capability Terminal Domain. Mode-S SSRs will be up-
that evaluates pilot requests for revised flighfraded with ASTERIX. The ASR-11's SSR will
paths for potential conflict with other flights), andge upgraded with SI capability and the ASTERIX
FAST. Such improvements will help expeditestandard interface protocol. This will enable the
traffic flow in the NAS. ASR-11 SSR to send the aircraft position, veloc-

Should users equip, ADS-B for air-air surveil /%y, @nd next waypoint data received via the GICB
lance will be implemented in domestic and ocdl'€ssage to the STARS automation. STARS will
anic airspace. ADS-B is anticipated to suppoR€ UPgraded to use GICB and ADS data for con-

air-air surveillance by means of a cockpit displajf°!ler displays (see Section 23, Terminal).
of traffic information (CDTI) that shows the pos"'Tower/Airport Surface Domain. Installation of

tion of all ADS-B-equipped aircraft nearby as %he new surface surveillance and conflict detec-

reference for tactical maneuvering self-separﬁ- : ; ;
. . . X h on system will continue. If enough users equi
tion, and station-keeping. This will greatly en- y g quip

h tuati | in th Kpit. | dwith ADS-B avionics, installation of about 600

anc;e situationa glwtareness In tedctoc P! 'ArII‘)S assive ADS ground stations with multi-lateration
mesUc airspace, piiots are expected to use capability for airport surface surveillance will be-
air-air surveillance for situational awareness an

- > . n at approximately 150 airports. The multi-lat-
limited shared responsibility for separation. Thes_ ration capability enables the ADS system at an

ggﬁ?eﬁllgﬁg%:égiﬁ% r;[(s) Eﬁ?v?gm dbsgiﬂetlé'léirport to determine the position of aircraft
to all of aviation as well. ADS-B avionics will not quipped with Mode-A/C/S transponders.
be required to operate in the NAS. In oceanic aixDS-B avionics, which use WAAS and LAAS in-
space, ADS-B may also be approved as a mea@gmation, will provide the ADS source to pre-
for pilots to conduct in-trail climbs, descents, andisely monitor the surface movement of ADS-B-
passing maneuvers. equipped airport traffic. Due to its expected accu-
. . . racy, LAAS is preferred for surface surveillance.
éG.l.:;, Szuorgg'ngggg Architecture Evolution— The airport surface ADS system will interface
tep 3 ( B ) with the STARS automation and displays to pro-
En Route Domain The Mode-S and ATCBI-6 vide precision surface surveillance and warn
SSRs will be upgraded with the All Purposdower controllers of impending runway incursions
Structured EUROCONTROL Radar Informatiorand other ground traffic problems. The STARS
Exchange (ASTERIX) surveillance and weatheautomation system will be capable of processing
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the ADS data. AMASS will receive a service lifesurface surveillance and conflict detection system

extension to ensure its viability.

16.1.4 Surveillance Architecture Evolution—
Step 4 (2007-2010)

En Route Domain. If enough users equip with

ADS-B avionics, the architecture plans for the in:
stallation of 20 passive ground stations in airspa$
not covered by radar. This capability will provide

also will be completed.

16.1.5 Surveillance Architecture Evolution—
Step 5 (2011-2015)

En Route Domain.En route surveillance will be
provided by SSRs and ADS. FAA-funded re-
lacement of primary en route radars is not con-
gmplated.

extended en route surveillance coverage fdierminal Domain. A next-generation terminal
ADS-B-equipped aircraft. An additional 96 pas+adar (multipurpose airport radar (MPARY)), which
sive ADS ground stations will be installed in théncorporates primary radar, SSR, and terminal

en route airspace covered by radar.

Oceanic Domain. Implementation of ground-

based and airborne communications and automa: o ; .
BW|II be decommissioned at the end of their service

tion equipment to support ADS-A and ADS-

air-air surveillance will continue. Oceanic air-
space users will benefit through greater flexibility.

increased user-preferred routes and climbs, a
greater capacity.

Terminal Domain. If enough users equipassive

Doppler weather radar capabilities, will begin to
replace the existing systems starting about 2015.

'(I;lqwer/Airport Surface Domain. ASDE systems

lives. Surface surveillance will rely on ADS sur-
veillance with multi-lateration or other more cost-
ﬁgective technologies for preventing runway in-
cursions.

16.2 Summary of Capabilities

ADS ground stations will be installed to providel e evolution of surveillance capabilities is
ADS for up to 150 terminal areas. Target datéepicted in Figure 16-2

from the ADS ground stations will be processe
for display on TRACON controller workstations.
The ADS system will also be used for monitorin
instrument approaches to closely spaced paral
runways.

Tower/Airport Surface Domain. AMASS func-

gir Surveillance

dl’he ADS-B concept is expected to provide an im-

Rertant air-air surveillance capability. Aircraft
equipped to receive ADS-B transmissions will be
able to display the position of all ADS-B-
equipped aircraft in their proximity on CDTI dis-

tionality will be incorporated into the tower auto-plays. This capability will improve aircrew situa-

mation system and installation of ADS groundional awareness, increase approach and departure

stations will be completed. Installation of the nevefficiencies, and improve oceanic maneuvering. It

Air-air surveillance

Enhanced weather displayed to en route controllers

Basis for traffic information service

Improved traffic detection and safety

New
ASRs and
ASDE

NEXRAD
on DSR

Surveillance in oceanic

ADS
Ground
Stations

GPS Data via
SSR (GICB)

ADS
Oceanic

airspace

Improved tracking and prediction

Extend/improve surveillance services

Improved traffic and weather detection

Figure 16-2. Surveillance Capabilities Summary
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will enable pilots to assume responsibility for sepaeering. However, the addition of the new surveil-

aration in certain circumstances. lance capabilities (such as those associated with
_ _ GICB messages and ADS-B, data and target fu-
Air Traffic Control System sion, and new mapping techniques) is expected to

Weather data from next-generation weather raddessy considerable human factors requirements on
(NEXRAD) will be available to en route control-the ATC automation displays, aircrews, and con-
lers via WARP, enabling long-range primary ratrollers. The associated human factors effort will
dars to be phased out. Primary radars will cofiecus on the impact of new surveillance technolo-
tinue in use in terminal airspace and for airpogies, equipment, and methods on pilots, control-
surface surveillance. SSRs will continue in use ilers, and maintainer interfaces, including:

both terminal and en route airspace. . ) ] )
« I|dentifying informational requirements and

ADS will be introduced to provide a surveillance  integrating information from new or multiple
capability in oceanic airspace. The capability is  sources (such as the integration of ADS sur-
based upon ADS-A, which uses position reports vejllance data with other radar data) in ways

transmitted from FANS-1/A- or ATN-equipped o facilitate development or modification of
aircraft via. SATCOM, HFDL, or other subnet-  ggsential DSSs

works.
Application of reduced minimum separation

The terminal primary radar system will become  gianqards for the controller and aircrews

all-digital with significantly improved capabili-
ties, such as better detection of small aircraft at Prototyping changes to tasks and procedures
low altitudes and dedicated weather detection and that take advantage of new surveillance capa-
processing. Primary radar for surface surveil- bilities (such as Sl and increased surveillance
lance, coupled with conflict prediction capability, — accuracy derived from GPS data).

will be installed at a significant number of air-

ports to improve surface operations and safety. The surveillance capabilities envisioned for the

future (such as authorizing an aircrew to use
All SSRs will have an Sl with GICB capability to ADS-B CDTI for self-separation) will require
elicit position and velocity (presumably GPS-dedevelopment of suitable cockpit displays and
rived) from the navigation system of suitablyprocedures. Controllers will require DSS tools to
equipped aircraft via the Mode-S transpondegssist them in monitoring and appropriately inter-
The resultant tracking accuracy will improve theeding to ensure safe operations.

performance of controller automation tools, such

as conflict probe and requested flight path (tridl6.4 Transition

planning), which support pilot routing and rerout-

ing preferences. Primary Radars

Implementation of ADS in the domestic airspac#formation from en route primary radar systems
(based on ADS-B) will enable surveillance serwill not be used for ATC after NEXRAD weather
vices to be extended to new areas and improveddata become available on ARTCC controller dis-
existing areas. ADS will support surface operaRl@ys. It is expected that those radars required by
tions, thereby improving airport utilization duringPOD (ARSR-4s, some interior radars, and the
reduced visibility conditions. In conjunction with FPS-117 radars in Alaska) will be supported by
AMASS, ADS will increase protection againstPOD until the end of service Ilfe,.although cur-
runway incursions. ADS will also improve airportr€nt agreements call for FAA maintenance. Ter-
utilization by providing the capability to monitor minal primary radars will be retained to provide
simultaneous approaches to closely spaced pa@dependent surveillance. The prlnC|paI transi-
lel runways in all weather conditions. tions are:

16.3 Human Factors e Complete deployment of ASDE-3, ARSR-4,

. and ASR-9 equipment
The surveillance systems themselves are not ex-

pected to require significant human factors engt- Replace ASR-7 and -8 radars with ASR-11
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Decommission the primary en route radars
(ARSR -1, -2, -3, FPS) not required in accor-

Replace en route ATCBIs-4 and -5 with
ATCBI-6

dance with FAA/DOD joint agreements
Leapfrog Mode-S from ASR-7 and -8 sites to

* Deploy new airport surface movement detec- AgR_g sites

tion equipment with conflict prediction capa-
bility « Upgrade SSRs with GICB and ASTERIX ca-
. Perform a service life extension for ASR-9  Pabilities

and ASDE-3/AMASS radars » Perform a service life extension for Mode-S
» Decommission any remaining en route pri- radars.

mary radars (ARSR-4, FPS-117)

* Replace ASR-9 and -11 radars with a new te

minal radar that includes SSR and terminglps in domestic airspace will be based on ADS-
Doppler weather radar (TDWR) capability. B: in oceanic airspace, it will be based upon
ADS-A. The Safe Flight 21 program is intended
to support development and evaluation of ADS
The SSRs will be retained to provide cooperativground stations and the automation processing
surveillance compatible with Mode-A/C tran-and display of ADS-derived information. If
sponders and redundancy in case dependent sgfipugh users equip with ADS-B avionics, a suc-
veillance is interrupted. All SSRs will feature Slcessfu| Safe F||ght 21 program is expected to re-
Capablllty in order to utilize GICB transponder resylt in dep|oyment of ADS ground stations. F|g_
plies. The principal transitions are: ure 16-3 shows the transition schedule for the
ADS systems. The principal transitions are:

ﬁutomatic Dependent Surveillance

Secondary Radars

e Deploy remaining PRM systems

. - . - =
* Upgrade ASR-11 beacon with Sl capability ¢ Install oceanic ADS-A capability %
(2]}
(A4 08 |99 (00 |0 0 0 04 |0 06 |0 08 |09 0 4
NAS Modernization Phases Phase 1 Phase 2 Phase 3
Transitionsteps | 1] Step2 Step 3 Step 4 Step 5
Terminal ASR-7, -8
Primary ASR-9 SLEP ASR-9 ASR-9
En Route D
Primary ARSR-3 DOD Use Only
ARSR-4 DOD Use Only
Tower
Primary |ASPE2 ASDE-3 SLEP ASDE-3 ASDE-3
New Airport Surface Movement Detection Equipment
Secondary ATCBI-4, -5 ATCBI-6, ASR-11 Beacon
RADAR . SLEP
Mode-S Mode-S Mode-S
NAS: .
Dependent ADS-B Ground Receivers
Surveillance Oceanic:
ADS-A Ground Processors and Display

Figure 16-3. Major Surveillance Systems Transition
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1998 Constant Dollars
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Figure 16-4. Estimated Surveillance Costs

» Complete ADS-B, Traffic Alert and Collision 16.6 Watch Items

Avoidance System (TCAS), and CDTI stan- o .
S . Decommissioning long-range primary radars de-
dards for air-air surveillance

pends on the availability of a WARP-provided
« Based on air-air surveillance, provide enNEXRAD weather data presentation on the new
hanced approach/departure and oceanic mARTCC displays now being installed. The WARP
neuvering services program is on schedule to be fully operational in

all ARTCCs during Step 2.
» Develop ADS ground stations and improved . _
surveillance systems via the Safe Flight 2ADS, based on ADS-A and ADS-B, is the major

ADS-B program new ground surveillance capability envisioned for
_ _ oceanic and domestic airspace, respectively. The
» Deploy passive ADS ground stations: initial development and evaluation of ADS, as

To extend en route surveillance coverage tg'c | & ADS-B for air-air surveillance, depends
9€ '%n a number of significant technological develop-

new areas ments involving avionics and ground equipment,

—To en route, terminal, and airport surface |o@nd operational demonstrations planned for the
cations throughout the NAS. Safe Flight 21 program, slated to occur during
Step 2. Results of the Safe Flight 21 demonstra-

Other Surveillance Support: tions will be subject to evaluation by both the

FAA (through the Investment Analysis process)
and users to determine subsequent investments
« Perform service life extension for ASDE-3and implementation in the NAS. It is evident that

 Complete AMASS implementation

and AMASS. FAA and user decisions must be linked, because
ADS is dependent on user investment in avionics.
16.5 Costs Avionics manufacturers are expected to create

and integrate GPS-WAAS/LAAS receivers and

FAA estimates for research, engineering, and dg@ns.g avionics for aircraft slated to participate
velopment (R,E&D), facilities and equipment, gafe Flight 21.

(F&E), and operations (OPS) life-cycle costs for

surveillance architecture from 1998 through 20150 use aircraft-derived position data for surveil-
are presented in constant FY98 dollars in Figutance and tracking, the SSRs must all be config-
16-4. ured with Sl and ASTERIX in Steps 2 and 3. ATC

16-10 — SRVEILLANCE JANUARY 1999
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automation systems will need to be configured tdowever, the FAA will deploy ADS-B listening
receive and process the enhanced surveillangfround) stations as users equip with ADS-B avi-
data. onics. A long transition period to ADS-B is antic-

A major watch item is the rate at which users ipbated. This requires the FAA to continue provid-

stall ADS-B avionics during Steps 2, 3, and 4ng surveillance services using primary and sec-
The rate of equipage will be determined by fagndary radar.

tors such as avionics cost, availability, and per-

ceived user benefits. The realization of expecteédPS in oceanic airspace will be based on position
user benefits, such as improved vectoring and s@ports data linked by satellite, high frequency
quencing and flexible routes, will depend on theata link, or other subnetworks to FAA oceanic
rate of user equipage, procedural developmerfontrollers. Airlines are ordering the FANS avion-

and FAA capability to process GPS data provideds needed for navigation and data link reporting
by aircraft avionics. via SATCOM. The FAA program to acquire the

This architecture continues to provide surveilceciprocal necessary ground equipment and auto-
lance, independent of user equipage with ADS-Bnation capabilities is under consideration.
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